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Description 

Field of the Invention 

s The invention relates to a method of treating a liquid and an apparatus for treating a liquid. 
Related Background Art 

To dissolve a gas or gasses into a liquid phase is one of the important steps in various fields. For example, addition 
10 of oxygen to water can improve efficiency of hydroponic cultivation, enhance effective feeding of oxygen to cultured 
fishes, shells and so on in a term, and reduce a fermentation period required to fermentate beer, whisky, Japanese 
sake, soy sauce, breads and tof u. 

Gas introduction into a liquid phase is typically achieved by releasing it through a gas diffusing pipe into the liquid 
phase to form bubbles. To increase gas-absorbing efficiency of the liquid through such bubbling, Japanese Patent Laid 
is Open No. 61 -227824 proposes irradiation of ultrasonic waves to the bubbles to make the latter fine. 

On the other hand, Japanese Patent Laid Open No. 5-1 1 5898 discloses a water treating method, in which the water 
is subjected to ultrasonic waves, magnetic fields, and far-infrared radiation successively in this order. 

However, the former two methods are disadvantageous by the efficiency considerations. More specifically, these 
methods allow the bubbles to be dissolved spontaneously into the liquid phase. This means that a solution velocity of 
20 the bubbles into the liquid phase is decreased as the liquid phase becomes closer to saturation, increasing the gas pro- 
portion therein. The liquid phase hence reaches saturation only after a long-time bubbling of the gas. 

In addition, the latter method of treating water has no specific disclosure on an ultrasonic treatment. 

Accordingly, an aim of the present invention is to provide a method and an apparatus for dissolving a gas effectively 
into a liquid phase. 

25 Another aim of the present invention is to provide effective method and apparatus for improving liquid quality with 
vibration waves. 

SUMMARY OF THE INVENTION 

30 The present inventors have made tremendous studies. As a result it has been found that a dissolution efficiency of 
gas or gasses into liquid phase is improved remarkably by making the bubbles compress instantaneously by means of 
colliding the vibration waves to the bubbles from each side of the bubbles. H has also been found that liquid quality is 
improved by forming a high-temperature and high-pressure field within the bubbles by means of colliding the vibration 
waves thereto. 

35 According to the present invention there is provided a method of treating liquid, the method comprising: containing 
liquid to be treated in a liquid treating container; introducing gas bubbles into the liquid to be treated; generating vibra- 
tion waves at a plurality of positions on the liquid treating container symmetrical with respect to the center of the con- 
tainer; and directing the generated waves toward the center of the container, the vibration waves thus colliding with the 
bubbles from opposing directions and thereby applying compressive pressure to the bubbles so that gas forming the 

40 bubbles is dissolved into the liquid; wherein the amplitude of the vibration waves is selected to be equal to or larger than 
the amplitude at which the dissolution of the gas will be initiated when the generated vibration waves collide with the 
bubbles. 

According to the invention there is also provided an apparatus for treating liquid, the apparatus comprising: a liquid 
treating container for containing liquid to be treated; a plurality of vibration generators so disposed at a plurality of 

45 respective positions on the liquid treating container symmetrical with respect to the center of the container as to gener- 
ate vibration waves that are directed toward the center of the container; and bubble introducing means for introducing 
gas bubbles into the liquid to be treated; wherein in use the vibration generators (1 1) generate vibration waves that col- 
lide with the bubbles from opposing directions and thereby apply compressive pressure to the bubbles so that gas form- 
ing the bubbles is dissolved into the liquid. 

so Application of the compression pressure to the bubbles by using the vibration waves permits dissolution of a gas 
forming the bubbles into the liquid as well as improvement of the liquid quality. 

Generally, vibration waves such as ultrasonic waves and sound waves are used for releasing dissolved gases in 
liquid or liquid phase. Contrary to this, an embodiment to the present invention (to be described in detail hereinafter) 
uses the vibration waves to create a high pressure instantaneously within the bubbles by means of colliding the vibra- 

55 tion waves to the bubble form each side thereof. TTie bubbles are thus pressurized and forced, for instance, to be cfis- 
solved into the liquid phase. As a result, it becomes possible to dissolve the gas into the liquid phase (as long as the 
liquid phase reaches saturation) for a shorter period as compared with conventional methods. 

The present invention will become more fully understood from the detailed description given hereinbelow and the 
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accompanying drawings which are given by way of illustration only, and thus are not to be considered as limiting the 
present invention. 

Further scope of applicability of the present invention will become apparent from the detailed description given 
hereinafter. However, it should be understood that the detailed description and specific examples, while indicating pre- 
ferred embodiments of the invention, are given by way of illustration only. 

In the drawings: 

Fig. 1 is a diagrammatic side sectional view for use in describing the principle of a liquid treating method according 
to the embodiments of the described invention; 

Fig. 2 is a diagrammatic plan sectional view for use in describing the principle of a liquid treating method according 
to the embodiments of the described invention, in which a plurality of vibrators are arranged; 
Fig. 3A is a diagrammatic side sectional view illustrating a liquid treating apparatus according to an embodiment of 
the present invention; 

Fig. 3B is an enlarged view of a small tube; 
Fig. 3C is a side view of a vibrator; 

Fig. 4 is a graph illustrating solubility characteristics of argon to a liquid phase achieved according to Embodiment 
M; 

Fig. 5 is a graph illustrating solubility characteristics of carbon dioxide to a liquid phase achieved according to 
Embodiment 1-1 ; 

Fig. 6 is a diagrammatic side sectional view illustrating a liquid treating apparatus according to another embodiment 

of the present invention; 

Fig. 6B is an enlarged view of a small tube; 

Fig. 6C is a side view of a vibrator; 

Fig. 7 is a graph illustrating solubility characteristics of argon to octane (liquid phase) achieved according to 
Embodiment I-2; 

Fig. 8 is a graph illustrating solubility characteristics of oxygen to a light oil; 
Fig. 9 is a graph illustrating solubility characteristics of oxygen to a heavy oil; 

Fig. 1 0A is a diagrammatic side sectional view illustrating a liquid treating apparatus according to yet another 

embodiment of the present invention; 

Fig. 1 0B is an enlarged view of a small tube; 

Fig. 10C is a side view of a vibrator; 

Fig. 1 1 is a graph illustrating a modification velocity ratio of water for various gases; 

Fig. 12 is a graph illustrating the modification velocity ratio of water as a function of an inner diameter of a chamber; 
Fig. 1 3 is a graph illustrating the modification velocity ratio of water as a function of resonance frequency; 
Fig. 14 is a graph illustrating the modifications velocity ratio of water as a function of a vibration frequency; 
Fig. 1 5 is a graph illustrating the modification velocity ratio of water as a function of a treatment temperature; 
Fig. 1 6 is a graph illustrating the modification velocity ratio of water as a function of a treatment time; 
Fig. 17A is a diagrammatic side sectional view illustrating a liquid treating apparatus for liquid modification accord- 
ing to an embodiment of the present invention; 
Fig. 17B is an enlarged view of a small tube; 
Fig. 1 7C is a side view of a vibrator; 

Fig. 1 8 is a diagrammatic side sectional view illustrating a liquid treating apparatus for liquid modification according 
to another embodiment of the present invention; 

Fig. 19 is a diagrammatic side sectional view illustrating a liquid treating apparatus for liquid modification according 
to yet another embodiment of the present invention; 

Fig. 20 is a diagrammatic side sectional view illustrating a liquid treating apparatus for liquid modification according 
to further embodiment of the present invention; 

Fig. 21 A is a block diagram of a controller for use in maintaining the resonance condition; 
Fig. 21 B is a flow chart of an operational flow carried out by the controller in Fig. 21 A; 

Fig. 22A is a block diagram of a liquid treating apparatus for liquid modification according to another embodiment 
of the present invention; 

Fig. 22B is a process table indicating operational steps carried out by the apparatus in Fig. 22A; 
Fig. 23A is a block diagram of a liquid treating apparatus for liquid modification according to yet another embodi- 
ment of the present invention; 

Fig. 23B is a process table indicating operational steps carried out by the apparatus in Fig. 23A; 
Fig. 24 is a block diagram illustrating a liquid treating apparatus for liquid modification according to further embod- 
iment of the present invention; 

Fig. 25 is a graph illustrating a change wfth time of a diameter of a drop of yogurt; 
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Fig. 26 is a graph illustrating absorption characteristics of soy beans; 

Fig. 27 is a graph illustrating a growth rate of the soy beans as a function of a length of the vein; 

Fig. 28 is a graph illustrating a growth rate of the soy beans as a function of a thickness of the vein; and 

Fig. 29 is a graph illustrating a water retention property of skin. 

5 

The concepts underlying the present invention are described in detail below with reference to the drawings as the 
need arises. 

Figs. 1 and 2 are diagrammatic sectional view for use in describing a principle of compression caused to bubble by 
means of collision of the vibration waves to the bubble and resultant movement of the bubbles. Referring to Fig. 1 , two 
10 piezoelectric vibrators, as the vibration generators, are arranged oppositely. These vibrators are separated from each 
other by a distance L A bubble positioned between the vibrators receives an instantaneous pressure (moving pressure) 
P by every vibration of the vibrators. The pressure is represented by the following equation, assuming that a left-to-right 
direction is a "positive" direction: 

is P = A exp(-kx) - A exp{-k(L-x)} (1) 

where A is an amplitude of the vibration wave just after being generated by the vibrator, k is a damping coefficient of the 
vibration wave, and x is a position (x-coordinate) of the bubble away from the left vtorator. 

As apparent from the above equation (1), the bubble receives a pressure P > 0 and thus moves to the right when 

20 positioned in a range of 0 < x < (U2) . On the other hand, the bubble receives a pressure P < 0 and thus moves to the 
left when positioned in a range of (U2) < x < L . At the position of x = L/2 , the bubble stops because the pressure 
becomes P = 0. In this event, the bubble receives a compression pressure of "A exp(-kU2) 

Fig. 2 is a diagrammatic plan view illustrating vibrators "a" through "e" and their associated vibrators "a" through 
w e*" aligned drcumferentially. The vibrators "a" through "e" are opposed to the vibrators "a m through "e m . respectively. 

25 More specifically, the vibrators indicated by like symbols ("a" and "a" 1 , V and "b m ...) are symmetric with respect to the 
center M. A bubble (indicated by a white circle), if positioned between the vibrators "a" through "e" and n a m through V, 
receives the pressure represented by the equation (1) from each pair of the vibrators. The bubble thus moves toward 
the center M (in the direction depicted by the arrow in the figure) as it is "swallowed up by or sucked into" the center of 
the circle. The vibration waves (generated by the vibrators a through e and a' through e\ respectively) are superposed 

30 on each other at or around the center M, producing a significantly strong vibration wave. As a result, a significantly high 
pressure is applied to the bubble, allowing dissolution of the bubble into the liquid (the liquid phase) at a higher rate. In 
addition, collision of the strong vibration waves forms a high-temperature and high-pressure field within the bubble posi- 
tioned at or around the center M. This provides effective improvement of the liquid quality surrounding the bubble. 
With a plurality of vibrators arranged on a sphere symmetrically with respect to the center of the sphere, the bub- 

35 bles are sucked into the center of the sphere and compressed at a higher pressure. The bubbles are thus dissolved into 
the liquid phase at a higher rate. The same phenomenon occurs when a spherical chamber resonates and the entire 
chamber is vibrated. 

In Fig. 1, an underlying concept of the present invention has thus been described in conjunction with the case 
where two vibration generators are used to generate the vibration waves. However, compression of the bubble accord- 
40 ing to the above descrfced concept may be achieved by using the vibration waves generated by a single vibration gen- 
erator. On this case, the vibration waves generated from the single vibration generator, are made to collide against 
reflected vibration wave generated by reflecting the vibration wave with any one of known methods. 

Liquid phasq 

45 

The liquid phase (or liquid) served to the dissolution of the gas is not limited to a specific one as long as it is in a 
liquid state at a temperature at which the gas is dissolved thereinto. Examples of such liquid phase include inorganic 
liquids such as water; organic liquids or organic solvents such as gasoline, light oil and alcohols; culture solutions used 
in enzyme and fermentation technologies; solutions or liquids containing activated sludge mixtures used in effluent 

so treatment; alkaline solutions for use in absorbing SOx or NOx upon treatment of exhaust gases; media used in gas 
entraining reaction; and a mixture or composition of these liquids. 

In this event, the temperature of the liquid phase may be in a range from a solidfying point to around a boiling point 
thereof. Considering reproducibility and a point where a solubility (the amount of dissolved gas) characteristic of the gas 
becomes stable, it is preferable that the temperature is in a range from that higher by at least 0°C than the solidifying 

55 point to that lover by approximately 20°C than the boiling point. More specifically, the temperature range comes to from 
0°C to 80°C when the liquid phase used is water. Typically, the amount of the bubbles generated by the vibration wave 
(such as the ultrasonic wave) is balanced with an amount of the bubbles dissolved into a liquid phase by using the 
method according to the present invention at a certain temperature around the boiling point 
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The gas (gas forming a bubble) dissolved into or absorbed by the above mentioned liquid phase is not limited to a 
specific one as long as it is in a gaseous state at the temperature when dissolved into the liquid phase. Examples of 

5 such gas include air or other gases such as oxygen forming the air used in the enzyme technology and the effluent 
treatment; inorganic gases such as SOx and NOx associated with the treatment of exhaust gases; various gases used 
as reagents for chemical reactions; and ozone used or sterilizing treatment or the like. 

The present invention is suitable for a case where a gas to be dissolved has a relatively low saturated solubility for 
the liquid phase It is preferable that such gas has a saturated solubility of 0.2 cm 3 or lower (more preferably, 0.1 cm 3 

w or lower) to 1 cm 3 of the liquid phase at 20°C. When the liquid phase is water, examples of the gas satisfying this con- 
dition include gases containing an oxygen atom or atoms such as oxygen and ozone; inorganic gases such as argon 
and krypton; organic compound gases such as ethylene; and nitrogen. 

Improvement of liquid quality 

15 

A surroundings with high-temperature and high-pressure may change gathering of molecules of aqueous liquid 
(particularly water). Otherwise, it may deave an O-H bond between water molecules, producing activated oxygen spe- 
cies such as OH and hydrogen peroxide. Whether the liquid quality is improved or not, is assessed according to the 
amount of the activated chemical species produced in the liquid to determine "a degree of the improved liquid quality". 

20 This assessment was conducted according to results obtained through a luminol test (luminol-dependent chemilumi- 
nescence test). The luminol test is used commonly to determine quantitatively an activated chemical species such as 
an activated oxygen species. 

This method is widely used for quantitative determination of oxides, utilizing luminoPs nature of emitting light upon 
being oxidized. More specifically, a predetermined amount of a sample solution is mixed with a luminol solution in a dark 

25 room. The amount of light emitted upon mixing is determined by using a photon counter. While the oxides are produced 
in the liquid during the "improvement of liquid quality" as mentioned above, a type of the oxide is not determined. With 
this respect a density of the oxide is converted into a density of hydrogen peroxide having similar or equivalent oxidizing 
capabilities. A specific technique of conversion is as follows: a luminol light emitting amount is determined for hydrogen 
peroxide at each density. The measurement results are used to determine the density of hydrogen peroxide that corre- 

30 sponds to the luminol light emitting amount detected from the modified liquid. 

In considering the experimental results described below as well as other assessment results, a liquid quality is con- 
sidered as being improved when the amount of the activated chemical species in the liquid is at least about 3 x 10" 5 
mo1/1 or more in a conversion into the amount of hydrogen peroxide 

35 Gas used for improving of liquid quality 

Any gases may be applied to the improvement of a liquid quality (it is described as "modification" that a liquid quality 
is improved, herein below). For example, the gas may be air, oxygen, nitrogen, neon, argon, or krypton. Fig. 1 1 shows 
a modification velocity ratio for various gases. The modification velocity was obtained by means of determining quanti- 

40 tatively the amount of oxides, which is produced under the surroundings with high-temperature and high-pressure, 
according to the luminol test. The modification velocity ratio indicates a ratio of the modification velocity to the reference 
modification velocity of 1 under the following conditions: chamber inner diameter D = 5 cm; treatment time T = 1 hour; 
introduced gas. oxygen; and treatment temperature Tm = 22 Q C. The amount of the activated chemical species is refer- 
enced to the amount thereof at a modification velocity of 1 . This reference amount is 3 x 1 0' 5 M/hour (M = mol/I), con- 

45 verted into an amount of hydrogen peroxide. From a point of preventing a chemically reactive substance or substances 
in the gaseous state from being dissolved and contaminated into the liquid phase, it is preferable to use noble gases 
that are stable chemically under the surrounding with the high-temperature and high-pressure. In addition, it is prefera- 
ble that the noble gas used has a higher solubility to the liquid phase by the consideration of the modification velocity. 

so B ubbles 

The bubbles may be formed by using any one of adequate known methods without any specific limitations. For 
example, the gas may be introduced into the liquid phase to form the bubbles by using a gas diffusion pipe (including a 
nozzle or a small tube). Alternatively, a liquid column may be knocked against a surface of the liquid phase to form the 
55 bubbles. 

In this event, described is an effect of bubble introduction into the liquid for its modification (see Fig. 2). As men- 
tioned above, upon introduction into the liquid, a bubble (indicated by a small white circle) receives a pressure due to 
the vibration waves and moves towards the center M. A significantly strong vibration wave is formed of superposed 
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vibration waves at or around the center M. Accordingly, the bubbles moved near the center M are compressed at a sig- 
nificantly high pressure due to collision with the strong vibration waves. As a result, gas molecules in the bubbles have 
a large motion energy. It is expected that a molecular bond of the liquid is cleaved upon collision of the gas molecules 
having such large motion energy with the liquid at an interface of the bubble, which promotes the modification of the 
5 liquid. 

A modification velocity was determined under the same conditions as Fig. 1 1 except that no bubble was introduced. 
A modification velocity at that time was about 2.5 x 1 0" 8 M/hour (M = mol/l), which was approximately 1/1 200 of the case 
with the bubbles introduced. This result shows that introduction of bubbles into the liquid permits more effective modifi- 
cation of the liquid. 

10 

Chamber 

A chamber (or a container) may have any configuration as long as it can hold or store the liquid phase in. However, 
it is preferable that the chamber has a resonatable configuration from the points of allowing enlargement of an ampli- 

15 tude of the vibration wave by using resonance and formation of a local, strong vibration wave from the superposed 
vibration waves. The "resonatable configuration" may be, for example, a configuration with parallel planes (e.g., rectan- 
gular parallelepiped), a cylinder, or a sphere. It is particularly preferable to use a spherical chamber from the points of 
allowing effective compression and dissolution of the bubbles at and around the center of the chamber and allowing for- 
mation of a local field of the strong vibration wave. 

20 The above mentioned chambers may be connected with each other. For example, the spherical chambers may be 
connected in series. It is preferable to use a plurality of chambers from the points of dissolving the gas while flowing the 
liquid phase and of increasing an amount of the liquid to be treated. 

Though depending on conditions such as a type of the liquid phase used, an amplitude and a frequency of the 
vibration wave, it is preferable that the maximum dimension (of height, width, and depth) of the chamber is from 1 to 10 

25 cm (more preferably, from 2 to 7 cm). A distance between the vibrator and the center of the chamber becomes longer 
in a larger chamber, causing a significant attenuation of vibration at or around the center. On the contrary, a smaller 
chamber has only a smaller surface area that can be used to vibrate the liquid phase from outside. As a result, the vibra- 
tion waves at or around the center have an insufficient, low strength. 

More specifically, it is preferable that the spherical chamber has a diameter of from approximately 2 to 7 cm when 

30 the liquid phase used is water. 

Fig. 12 shows the modification velocity ratio as a function of an inner diameter of the chamber. It is preferable that 
the chamber has a diameter of approximately from 3 to 7 cm (more preferably, from 4 to 6 cm), though the size of the 
chamber depends on the properties of the vibrators used. With the chamber having a larger diameter, the vibration 
wave is required to propagate a larger distance before it reaches a bubble. This means that the vibration wave is dete- 

35 riorated significantly. As a result, it becomes impossible to form effectively the high-temperature and high-pressure field. 
On the contrary, the chamber having a smaller diameter causes a resonance frequency of the chamber to increase. As 
a result, it becomes impossible to enhance the amplitude of the vibration wave. 

A material of the chamber is not specifically limited as long as the chamber can hold or store the liquid phase in 
where the gas is to be dissolved. However, it is preferable that the chamber is made of such a material that passes 

40 through vtoration waves (particularly ultrasonic waves) effectively when the vibrators are arranged outside the chamber. 
Specific examples of the material of the chamber include glass, quartz, metals, ceramics, and plastics. 

It is preferable that the chamber has as small a thickness as possible from the point of restricting reduction of the 
amplitude of the vibration wave as long as the thickness can provide a chamber of such a sufficient strength that prevent 
it from being broken by the oscillation. More specifically, it is preferable that the chamber is approximately 1 mm thick 

45 when made of glass. 

Vibration Generator 

The vibration generator (vibrator) is not limited specifically in material, configuration, and structure as long as it can 
so provide the vibration wave to the liquid phase. While the number of the vibration generator may be one, it is preferable 
to use an even number (two or more) of the vibration generator such as four or more, or six or more. With two or more 
vibration generators arranged, it is preferable that two vibration generators among them are disposed on the symmet- 
rical sides of the center of the chamber. 

The above mentioned chamber itself may be composed of the vibration generators. Alternatively, a part of the 
55 chamber is formed by the vibration generators. The vibration generators may be located outside or inside the chamber. 
In this event, the vibration generators may be disposed on an outer surface (wall) of the chamber, an inner surface of 
the chamber, or in the liquid phase within the chamber. 

In case of providing a piezoelectric vibrator as the vibration generator, a driving voltage applied to the vforator may 
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have any waveform. More specifically, the waveform may be pulsed, sinusoidal, square, or rectangular. With a plurality 
of vibrators, it is preferable to apply the same driving voltage to all these vibrators simultaneously. 

Vibration Wave upon Dissolution 

The vibration wave is required to have an amplitude that is larger than an amplitude with which the bubble captured 
(trapped) by the vibration waves incoming from the each sides of the bubble, starts to be dissolved into the liquid phase 
(at that trapped position). A higher solution velocity of the gas can be provided with a larger amplitude of the vibration 
wave. However, the amount of the bubbles generated by the vibration waves is balanced (into equilibrium condition) with 
the amount of the bubbles dissolved into a liquid phase with certain types of the liquid phase and/or the gaseous phase. 
Accordingly, the vibration wave typically has an upper limit in amplitude. 

It is preferable that a frequency of the vibration wave is the same for at least a pair of the vibration generators, con- 
sidering the symmetricity of the colliding vibration waves. In addition, the frequency are preferably the same for all the 
vibration generators used. The frequency of the vibration wave may generally be from 1 Hz to 1 GHz, and preferably 
from 10 kHz to 10 MHz (particularly from 20 kHz to 1 MHz). Typically, an inaudible sound wave having a frequency of 
above 15 kHz is considered as an ultrasonic wave. The frequency is preferably from 20 kHz to 70 kHz when the liquid 
phase is water(aqueous liquid). 

When using a strong vibration wave generated by the resonance of the chamber, it is preferable that the vibration 
wave has a frequency that is stipulated by a factor of integer a fundamental resonance frequency f represented by the 
following equation: 

f = V/D(Hz) {2 ), 

where V represents a sound wave velocity (m/sec) of the vibration wave through the liquid phase, and D represents an 
inner diameter (m) of the chamber. As apparent from the above equation, the resonance frequency f is determined 
according to the inner diameter of the chamber and the sound wave velocity or the vibration wave through the liquid 
phase. 

It is preferable to use the resonance phenomenon of the vibration waves to enhance the efficiency of the gas dis- 
solution or to reduce a consumption energy. The term "resonance" used herein means a phenomenon that the ampli- 
tude of the vibrating system increases rapidly when vibration frequencies of a cyclic external force become close to a 
natural vibration frequency of that vibrating system. Amplitude by vibration in the chamber may be monitored according 
to voltage values supplied from a detector such as a microphone or a piezoelectric element disposed on the charrfeer. 
A voltage of the maximum level is obtained from the detector and the smallest current is supplied to the vibrators, when 
the chamber is in the optimum resonance condition. 

Pressure 

The solubility of the gas to the liquid phase (the amount of the dissolved gas) is larger with a higher pressura In 
the present invention, the bubbles are subjected to a larger compression pressure (due to the superposed vibration 
waves) as positioned closer to the center of the chamber. This compression pressure may be determined according to 
a compression ratio obtained through measuring a diameter of the compressed bubble under a condition where the gas 
is hardly dissolved into the liquid phase (such as a saturated condition, or a condition where the liquid phase is high in 
temperature). The bubble diameter may be determined based on, for example, scattering of a laser beam (preferably 
having a wavelength of from 400 nm to 700nm). According to the findings of the present inventor, the compression pres- 
sure is reached to a maximum at thousands of atmospheres in embodiments described below. 

liquid Treating Apparatus for Qas Dissolution 

Fig. 3A is a diagrammatic side sectional view of a liquid treating apparatus according to an embodiment of the 
present invention. Fig.-3B is an enlarged view of "A^small tube) in Fig. 3A while Fig. 3C is an enlarged view of a vibrator 
(e.g., piezoelectric vibrator). 

Referring to Fig. 3A, the liquid treating apparatus comprises a chamber 10, vibrators 1 1 , and a small tube "A". The 
chamber 1 0 comprises a liquid containing unit 1 0a and a gas filling unit 10b, which is for holding or storing liquid in. The 
vibrators 1 1 are disposed oppositely on the sides of the chamber 10 for use in applying vibration waves to the liquid. 
The small tube "A" is used for forming bubbles in the liquid. In such liquid treating apparatus, the bubbles are com- 
pressed by using collision of the vibration waves with each other in the chamber 1 0. As a result the gas forming these 
bubbles is dissolved into the liquid. 

A volume of the gas dissolved into the liquid may be determined according to the scale on a syringe 12 containing 



EP 0 661 090 B1 



this gas. In Fig. 3A, only a single pair of (two) vibrators 1 1 are disposed on the opposite sides of the chamber 1 0, sym- 
metrically with respect to the center thereof. The vibrators 1 1 are connected to an vibrator voltage application system 
which comprises an oscillator 13, an amplifier 14 and a Q circuit 15. The oscillator 13 supplies a current to the amplifier 
14. The amplifier 14 amplifies that current, while the Q circuit 15 enhances a specific frequency to produce a vibration 
current. The vibration current is then supplied to the vibrators 1 1 . A microphone 1 6 serving as vibration waves detecting 
means is disposed on the bottom of the chamber 10. The waveforms of the vibration wave detected by the microphone 
1 6 are monitored by an oscilloscope 1 7. The oscilloscope 1 7 also monitors the waveforms of the vibration current sup- 
plied from the Q circuit 15 to the vibrators 11. 

In the apparatus illustrated in Fig. 3A, a strong vibration wave can be generated in the chamber 10 by means of 
resonance of the vibration waves when the vibrators 1 1 are operated at the resonance frequency f (f a V/D ) deter- 
mined according to the chamber diameter D and the propagation velocity V of the vibration wave in water. The strong 
vibration wave causes the bubbles floated up from the end of the small tube "A" to be sucked into the center of the 
sphere, with their dimension reduced. The small tube "A" is vibrated as the chamber resonates, allowing to release 
smaller bubbles into the liquid phase. The vibration waves propagated from the inner surface of the chamber 10 are 
superposed locally on each other at or around the center of the spherical charriber. As a result, the bubbles receive a 
strong compression pressure and are dissolved into the liquid at a high rate. In this event, the bubbles are sucked into 
the center of the spherical chamber. The content of the chamber is agitated or stirred due to this movement of the bub- 
bles. Accordingly, a density of the gas dissolved becomes uniform in the entire liquid. 

Fig. 6A is a diagrammatic side sectional view of a liquid treating apparatus according to another embodiment of the 
present invention. Fig. 6B is an enlarged view of "A" (small tube) in Fig. 6A while Fig. 6C is an enlarged view of a vibra- 
tor (e.g. t piezoelectric vibrator). 

Referring to Fig. 6A, the liquid treating apparatus of this embodiment is similar in structure to the one illustrated in 
Fig. 3A except that the bubble forming means forms bubbles, by means of knocking a liquid dropped from the small tube 
"A", which tube is provided with the gas filling unit 1 0b, against the surface of the liquid phase within the liquid containing 
unit 10a. The liquid knocked against the liquid phase is the same as the latter. In addition, the liquid may be knocked 
against the liquid phase as a continuous liquid column or as intermittent drops thereof. Such liquid knocking has an 
advantage of easy formation of small bubbles (fine bubbles). 

Fig. 1 0A is a diagrammatic side sectional view of a liquid treating apparatus according to yet another errtbodiment 
of the present invention. Fig. 1 0B is an enlarged view of "A" (small tube) in Fig. 10A while Fig. 10C is an enlarged view 
of a vibrator (e.g. , piezoelectric vibrator). 

Referring to Fig. 10A, the liquid treating apparatus of this embodiment comprises a frequency optimizing arithmetic 
unit 1 8 in place of the oscilloscope 1 7 in Fig. 3A. In addition, a current probe 1 9 is arranged between the frequency opti- 
mizing arithmetic unit 1 8 and the Q circuit 1 5 to detect the vibration current supplied from the Q circuit 1 5 to the vibrators 
1 1 . Other components and parts are similar to those described in conjunction with Figs. 3A through 3C. This apparatus 
has a feedback function for controlling the vibration frequency of the vibrators 1 1 to ensure proper resonance conditions 
by means of monitoring the amplitude by vibration in the chamber 1 0 as well as the current flowing through the vibrators 

When the above mentioned chamber 10 is in the resonance state, the amplitude by vibration becomes maximum 
while the current flowing through the vibrators 1 1 becomes minimum. Accordingly, it is possible to keep the resonance 
condition by means of detecting the amplitude and the current and adjusting them. The aspect illustrated in Fig. 10A 
can be controlled to keep the resonance condition even if the propagation velocity of the vibration wave through the liq- 
uid phase is changed with temperature of or the amount of the dissolved gas in the liquid phase. 

VibrqtiQn Wqve in Modification 

The vibration wave is required to have an amplitude that allows production of oxides around at least the com- 
pressed bubbles. 

Fig. 13 shows the modification rate ratio as a function of a vibration frequency. This ratio is calculated out of the 
results illustrated in Fig. 12 by using the above mentioned equation (2). As a result, it has been revealed that the vibra- 
tion frequency is in a range preferably from 25 kHz to 55 kHz, and more preferably from 30 kHz to 40 kHz. 

It is preferable to use the resonance phenomenon of the vibration wave by the efficiency considerations on the 
energy required for creating the high-pressure field and the high-temperature field. The term "resonance" used herein 
means a phenomenon that the amplitude of the vibrating system increases rapidly when frequencies of a cyclic external 
force become dose to a natural frequency of that vibrating system. 

In this event, the amplitude by vibration in the chamber 10 may also be monitored based on the detected voltage 
supplied from a detector such as a microphone 16 or a piezoelectric element disposed on the chamber 10. The maxi- 
mum voltage level is obtained from the detector and the smallest current is supplied to the vibrators 1 1 when the cham- 
ber 1 0 is in the optimum resonance condition. 
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Fig. 14 shows the modification velocity ratio as a function of the vibration frequency obtained under the concfition 
of D: 5 cm, oxygen introduction, T: 1 hour, and 22°C. This result shows experimentally that to use the resonance of the 
chamber is effective because the modification velocity ratio becomes high at a region where the chamber is resonated. 

5 Treatment Temperature in Modification 

Fig. 15 shows the modification velocity ratio as a function of a treatment temperatura As apparent from the figure, 
the modification velocity ratio becomes maximum at the treatment temperature of Tm =4°C. The higher the tempera- 
ture, the lower the modification velocity ratio. With this respect, it is preferably to set the treatment temperature in a 
io range from 0 Q C to 4° C. and it is optimum that the treatment temperature is set to 4°C. 

Treatment Time in Modification 

Fig. 16 shows change in amount of the modified liquid as a function of a treatment time. It is revealed that the 
is amount is in proportion to the treatment time. The longer time the water is treated, the more the water contains activated 
chemical species. 

Liquid Treating Apparatus for Liquid Modification 

20 Fig. 17A shows a liquid modification apparatus according to an embodiment of the present invention. Fig. 17B is 
an enlarged view of "A" (small tube) in Fig. 1 7A while Fig. 1 7C is an enlarged view of a vibrator (e.g., piezoelectric vibra- 
tor). 

Referring to Fig. 17A, this apparatus comprises a chamber 10, vibrators 11, a small tube (bubble forming means), 
and a chamber cooling apparatus 20 (temperature controller). The chamber 10 comprises a liquid containing unit 10a 

25 and a gas filling unit 10b, which is for holding or storing aqueous liquid (particularly water) in. The vibrators 1 1 are dis- 
posed oppositely on the sides of the chamber 1 0 for use in applying the vibration waves to the liquid. The small tube is 
used for forming bubbles in the liquid. The chamber cooling apparatus 20 is for use in keeping the entire assembly of 
the water treating unit at a constant low temperature. 

The bubbles may be introduced into the liquid by any one of adequate methods such as by releasing them into the 

30 liquid through a small tube or a gas diffusion pipe. However, it is preferable to use a method in which a liquid is sucked 
up through a pump 22 and is released out of the small tube "A" as shown in Fig. 18, from the point of preventing the 
ordinary wave from being disturbed greatly and allowing easy formation of smaller bubbles. In this event, the liquid may 
be supplied either as a continuous liquid column a as intermittent drops. 

The treated water may be cooled by any one of adequate methods. For example, the entire assembly of a water 

35 cooling unit 21 may be cooled as shown in Fig. 1 7A. Alternatively, the treated water may be circulated through a pump 
22 to cool only the water as shown in Fig. 19. Further, a circulated water for use in introducing the bubbles may be 
cooled as shown in Fig. 1 8. 

In Fig. 17A, only a single pair (two) of the vibrators 1 1 are disposed on both sides of the chamber 10, symmetrically 
with respect to the center thereof. The vibrators 1 1 are connected to oscillator 13 through an amplifier 14 and a trans- 
40 former 15'. The oscillator 13 supplies a current to the amplifier 14. The amplifier 14 amplifies the current, while the 
transformer 15' enhances the voltage thereof to produce a vibration current. The vibration current is then supplied to 
the vibrators 1 1 . A microphone 16 serving as vibration wave detecting means is disposed on the bottom of the chamber 

1 0. The waveforms of the vibration wave detected by the microphone 1 6 are monitored by an oscilloscope 1 7. The oscil- 
loscope 1 7 also monitors the waveforms of the vibration current supplied from the transformer 15* to the vibrators 1 1 . 

45 In the apparatus illustrated in Fig. 1 7A, a strong vibration wave can be generated in the chamber 10 by means of 
resonation of the vibration waves when the vibrators 1 1 are operated at the resonance frequency f (f = V/D) deter- 
mined according to the chamber diameter D and the propagation velocity V of the vibration wave in water. The strong 
vibration wave causes the bubbles to be sucked into the center of the sphere. Accordingly, it is possible to improve a 
water quality effectively by using the high-temperature field and the high-pressure field generated as a result of the bub- 

so ble compression at or around the center of the sphere. 

Referring to Fig. 20, the liquid treating apparatus of this embocfiment comprises a frequency optimizing arithmetic 
unit in place of the oscilloscope 1 7 in Fig. 1 7A. In addition, a current probe ( not shown in Fig. 20)is arranged between 
the vibrator 1 1 and the transformer 1 S to detect the vibration current supplied from the transformerlS* to the vibrators 

1 1 . Other components and parts are similar to those described in conjunction with Fig. 1 7A. This apparatus has a feed- 
55 back function for controlling the vibration frequency of the vibrators to ensure proper resonance conditions by means of 

monitoring the amplitude by vibration in the chamber 10 detected by the microphone 16 as well as the current flowing 
through the vibrators 11. 

The amplitude by vibration in the chamber 10 detected by the microphone 16 becomes maximum while the current 
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flowing through the vibrators 1 1 becomes minimum when the above mentioned chamber 10 is in the resonance state. 
Accordingly, it is possible to keep the resonance condition by means of detecting the amplitude and the current and 
adjusting them. 

With the structure illustrated in Fig. 20. the resonance condition can be kept even when the propagation velocity of 
5 the vibration wave is changed with temperature of the liquid. 

The resonance condition may also be kept through, for example, the following alternating methods. First, the vibra- 
tion waves are generated simultaneously by the opposing vibrators to maintain the resonance condition. Second, the 
vibration wave is generated by either one of the vibrators. The incoming vibration wave is detected by the other vibrator, 
following which a driving voltage is applied to the vibrator as soon as possible that has received the vibration wave. Of 
10 course, the latter method is also available to maintain the resonance condition. 

Embodiments of the present invention will be described in more detail below with reference to the drawings. 

Embodiment 1-1 

is A gas dissolution test was conducted with the liquid treating apparatus illustrated in Fig. 3A. Referring to Fig. 3A, 
the chamber 10 comprises a gas filling unit 10b and a liquid containing unit 10a, which liquid containing unit 10a is 
made of glass and is formed into a sphere with outer and inner diameters of 40 mm and 38 mm, respectively. A single 
pair (two) of the vibrators 1 1 are disposed on both sides of the chamber 10, symmetrically with respect to the center 
thereof. 

20 Pure water containing no dissolved gas was charged in the above mentioned chamber 1 0. A gas was released into 
the pure water out of a small tube (having an inner diameter of 500 urn) by using a circulation pump. A volume of the 
dissolved gas was measured according to the scale on the syringe containing the gas. The vibrators 1 1 driving voltage 
was applied from the oscillator 13 to these two vibrators 1 1 through the amplifier 14 (180 W) and the Q circuit 15. With 
the vibrator driving voltage of 300 Vp.p, an output voltage of the oscillator 13 was 2 Vp. p while an output voltage of the 

25 amplifier 14 was 60 Vp^. 

The vibrators 1 1 were driven in the apparatus illustrated in Fig. 3A at the resonance frequency of f (f = V7D ) deter- 
mined according to the diameter D of the chamber 10 and the propagation velocity V of the vibration wave in the water. 
A strong vibration wave was produced in the chamber 10, and the bubbles floated up out of the end of the small tube 
were sucked into the center of the liquid containing unit 10a, with being reduced in dimension. The small tube was 

30 vibrated as the chamber resonated, allowing formation of smaller bubbles than usual (where no resonance is caused) 
in the liquid phase. The bubbles received a high compression pressure at the center of the liquid containing unit 10a 
because the vibration waves transmitted from the inner wail of the liquid containing unit 10 were superposed locally. 
Accordingly, the bubbles were dissolved at a high rate. Since the bubbles were sucked into the center of the liquid con- 
taining unit 10, the content of the chamber was agitated or stirred. As a result the density of the dissolved gas in the 

35 entire liquid became uniform. 

Fig. 4 is a graph illustrating a solubility of argon to water. The following three dissolution methods were used for the 
test: the present method, the bubbling (with the bubble diameter or 1 mm), and the ultrasonic wave irradiation (disclosed 
in Japanese Patent Laid Open No. 61-227824 by using an ultrasonic wave washer, B-72J available from BRANSON 
Co.). For the above mentioned ultrasonic wave irradiation, the test was conducted with the power density of 0.24 W/cm 2 

40 that were smaller than the power density of 0.33 W/cm 2 or higher disclosed in the above mentioned publication. 

To compare the solubility in the individual dissolution methods, the solution velocity of the gas was assessed 
according to "a period required that 95% of the saturated solubility was dissolved into the liquid phase". For water, V = 
1500 m/s and the spherical chamber was resonated at the vibration frequency of f = 39.5 kHz (f = 1 ,500.000 mm/38 
mm o 39.47 kHz ■ 39.5 kHz) since the chamber had the inner diameter of 38 mm. 

45 As shown in Fig. 4, the solution velocities were 2.5 minutes, 13 minutes, and 20 minutes for the present method, 
the bubbling, and the ultrasonic wave irradiation, respectively. With bubbling, it was easy to dissolve approximately half 
the saturated solubility for a relatively short period of time. It required, however, much time to exceed this amount On 
the contrary, the present dissolution method provided a solution velocity of eight times as high as that in the bubbling, 
permitting the gas to be dissolved in up to the saturated solubility for a remarkably short period of time. 

so In addition, the present dissolution method provided a solution velocity of approximately five times as high as that 
in the ultrasonic wave irradiation described above with less energy introduced (approximately 1/10 of the ultrasonic 
wave irradiation method). 

Subsequently, the solubility characteristics of carbon dioxide (25.9 times as high the saturated solubility as argon) 
that is higher in solubility than argon were measured in the same manner as those described above. The results are 
55 given in Fig. 5. 

As apparent from Fig. 5, the present method was slightly superior in solution velocity to the bubbling. However, a 
gas releasing effect was observed after a certain amount of the gas was dissolved into the liquid phase. The gas solu- 
bility had an upper limit i.e.. approximately 88% of the saturated solubility. With the method embodying the present 
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invention, less or no significant difference in solution velocity tends to be obtained tor a gas having a large saturated 
solubility, as compared with oxygen or argon. The gas solubility may be smaller than the saturated solubility when the 
amplitude of the vibration wave is larger than necessary. If it is difficult to dissolve the gas up to the saturated solubility, 
the bubbling method may be used together to dissolve the gas up to the saturated solubility. 
The solution velocities of the gases are set forth in Table 1 below. 



Table 1 
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GAS SOLUTION VELOCITY TO WATER 
NOTE) Solution velocity: time required to reach 95% of 
saturated solubility. 

(b)/(a): Solution velocity ratio 



As apparent from Table 1, in the method according to this embodiment the solution velocity was approximately 8 
times as large for oxygen, argon, and nitrogen, and approximately three times as large for ethylene as the solution 
velocity obtained with the bubbling method. The solution velocity for carbon dioxide was approximately equal to that 
obtained with the bubbling method. These results indicated experimentally that the smaller the gas has a saturated sol- 
ubility to the liquid phase, the more the solution velocity was improved. 

Embodiment I-2 

A gas dissolution test was conducted by using the liquid treating apparatus illustrated in Fig. 6A. In this embodi- 
ment, a liquid column was knocked against the water surface within the liquid containing unit 10a to form bubbles, 
thereby introducing them into the liquid phase (liquid column knocking method). The liquid column was 300 *im in diam- 
eter, and was knocked at a rate of 80 cm/s. The experiment was conducted at an vibrator driving voltage of 300 V^ n at 
22°C. " 

The results obtained are given in Table 2 below. Sample gases used were oxygen, argon, and nitrogen. 
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35 

As apparent from Table 2, a larger number of finer bubbles were formed in the liquid knocking method used in this 
embodiment than in the bubbling with a small tuba As a result the solution velocity was larger than in the bubbling. In 
this Embodiment (1-2), no such effect was obtained thai the bubbles became fine due to vibration of the small tube (a 
nozzle) as in Embodiment 1-1 . Accordingly, this embodiment was less significant than Embodiment 1-1 on the effect of 

40 improving the solution velocity. However, the solution velocity was superior by 3-5 times to that in the bubbling method. 
Subsequently, another test was conducted. More specifically, the water was replaced by octane as the liquid phase, 
into which argon gas was dissolved. At the vibrator driving voltage of 300 the bubbles were released out of octane. 
With this respect, the experiment was conducted at the vibrator driving voltage of 200 Vp^. Fig. 7 shows a dissolution 
characteristic of argon to octane obtained in this embodiment The solution velocities were 10 minutes and 20 minutes 

45 with the present method and the liquid column knocking method (without application of the vibration wave to the liquid 
phase), respectively. The gas solubility had an upper limit, i.e.. approximately 95% the saturated solubility with the 
present embodiment. It is preferable to dissolve the gas up to 95% the saturated solubility by using the present method, 
following which the liquid column knocking may be used. 

In addition, as an example of dissolving gas into an organic solvent, the dissolution treatment was conducted by 

so using a light oil and a heavy oil. The chamber 10 used for treatment had a diameter D of 4 cm. The gas dissolved was 
oxygen. The results are given in Figs. 8 and 9. Fig. 8 shows solution characteristics of oxygen to the light oil, while Fig. 
9 shows solution characteristics of oxygen to the heavy oil. With the apparatus according to this embodiment, the solu- 
tion velocities were six times and thirteen times for the light oil and heavy oil, respectively, as high as those in the bub- 
bling. 

55 The above mentioned results indicated experimentally that the method embodying the present invention is well 
applicable to the organic solvents. 
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Embodiment t-3 

A gas dissolution test was conducted with the liquid treating apparatus illustrated in Fig. 10A. The liquid treating 
apparatus of this embodiment comprises a frequency optimizing arithmetic unit 1 8 in place of the oscilloscope 1 7 in Fig. 
3 A. In addition, a current probe 19 is arranged between the frequency optimizing arithmetic unit 18 and the Q circuit 15 
to detect the vibration current supplied from the Q circuit 1 5 to the vibrators 1 1 . Other components and parts are similar 
to these descrfoed in conjunction with Figs. 3A through 3C. This apparatus has a feedback function for controlling the 
vibration frequency of the vforators 1 1 to ensure proper resonance conditions by means of monitoring the amplitude by 
vibration in the chamber 10 as well as the current flowing through the vibrators 1 1 . 

The test was conducted by using the above mentioned liquid treating apparatus illustrated in Fig. 10A. The ampli- 
tude by vibration of the chamber 10 was increased when the chamber 10 was in the resonance state. The maximum 
amplitude by vibration was obtained in the chamber 10 and the smallest current was supplied to the vibrators 1 1 when 
the chamber 10 was in the resonance state. Accordingly, it was possible to keep the resonance condition by means of 
detecting the amplitude and the current and adjusting them. In this embodiment, it was possible to keep the resonance 
condition even if the propagation velocity of the vibration wave through the liquid phase is changed with temperature of 
or the amount of the dissolved gas in the liquid phase. 

As mentioned above, the liquid treating method and the liquid treating apparatus according to the present invention 
allowed the gas dissolved into the liquid up to the saturated solubility for a shorter period of time as compared with con- 
ventional ones. 

Embodiment IH (Liquid Modification) 

A gas dissolution test was conducted with the liquid treating apparatus illustrated in Fig. 17A. 

The chamber 10 comprises a liquid containing unit 10a and a gas filling unit 10b, which chamber 10 is made of 
quartz and is formed into a sphere with outer and inner diameters of 54 mm and 50 mm, respectively. A single pair (two) 
of the vibrators 1 1 were disposed on both sides of the chamber 1 0, symmetrically with respect to the center thereof. 

Pure water containing no dissolved gas was charged in the above mentioned chamber. A gas was released into the 
pure water out of a small tube (having an inner diameter of 500 jim). With the vibrator 1 1 driving voltage of 1500 Vp. p , 
an output voltage of the oscillator 13 was 3.2 Vp^ while an output voltage of the amplifier 1 4 was 1 20 Vp_p. The temper- 
ature of the treated water was controlled from outside the chamber 10. 

A strong vibration wave was generated in the chamber 10 when the vibrators 1 1 were operated at the resonance 
frequency f (f ■ V/D ) determined according to the chamber diameter D and the propagation velocity V of the vibration 
wave in the water. The strong vibration wave caused the bubbles to be sucked into the center of the liquid containing 
unit 10a shaped in the sphere. Continuous introduction of the bubbles allowed constant formation of a strong vibration 
wave field where the bubbles are trapped. In addition, it is possible in this apparatus to adjust a ratio of the modified 
water(the water improving the liquid quality) in the chamber 10 by increasing or decreasing the treatment time. 

Embodiment II-2 (liquid Modification) 

Fig. 18 shows another configuration of the liquid treating apparatus. This apparatus is similar to the one illustrated 
in Fig. 1 7A except that a liquid column was knocked against the liquid surface of the water within the liquid containing 
unit 10a, which water is circulated by a pump to form bubbles, and that a temperature of the treated water was control- 
led by means of controlling the temperature of the circulated water. Such liquid column knocking method has advan- 
tages of effective cooling achieved and smaller bubbles (fine bubbles) obtained. 

^mbog'imept ll-3 (Liquid Modification) 

Fig. 19 shows yet another configuration of the liquid treating apparatus. This apparatus is similar to the one illus- 
trated in Fig. 1 7A except that the treated water was circulated through the cooling apparatus 21 with the purpose of the 
temperature controlling. This apparatus has an advantage of a higher cooling efficiency over the apparatus illustrated 
inFig.17A. 

Embodiment ll-4 (Liquid McxJtfipqti Q n) 

Fig. 20 shows yet another configuration of the liquid treating apparatus. The liquid treating apparatus of this errtood- 
iment comprises a frequency optimizing arithmetic unit 1 8 in place of the oscilloscope 1 7 in Fig. 1 7A. In addition, a cur- 
rent probe 1 9 is arranged between the vibrators 1 1 and the transformer 1 5* to detect the vibration current supplied from 
tfie transformer 15' to the vibrators 1 1 . Other components and parts are similar to these described in conjunction with 
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Fig.17A. 

This apparatus has a feedback function for controlling the vforation frequency of the vibrators 1 1 to ensure proper 
resonance conditions by means of monitoring the amplitude by vibration in the chamber 10 detected by the microphone 
1 6 as well as the current flowing through the vibrators 11. 
5 Tests with this liquid treating apparatus showed that the maximum voltage level was obtained from the microphone 
1 6 and the smallest current was supplied to the vibrators 1 1 when the chamber 1 0 was in the resonance condition. 

It was possible to maintain the resonance condition of the chamber 10 by means of detecting the amplitude by 
vibration in the chamber 10 and the current flowing through the vforators 1 1 to adjust them by using the frequency opti- 
mizing arithmetic unit 18. It was possible to keep the resonance condition even if the propagation velocity of the vibra- 
to tion wave through the liquid phase is changed with temperature of or the amount of the dissolved gas in the liquid 
phase. 

Embodiment II-5 

is Figs. 21 A and 21 B show an exemplified method of keeping the resonance condition. Fig. 21 A shows a structure of 
the apparatus while Fig. 21 B shows a schematic step of the operation carried out by the apparatus. 

A controller illustrated in Fig. 21A comprises a high-speed switch 101 connected to either the vibrator 100. The 
high-speed switch 1 01 has a detection circuit for detecting the vibration waves and an application circuit for applying the 
vibration wave. The vibrator 100 produces a voltage in response to reception of the vibration wave. This voltage is 

20 detected by the vibration wave detector 102. The high-speed switch 101 is connected to an applied voltage output cir- 
cuit 1 03. The applied voltage output circuit 1 03 applies the driving voltage to the vibrator 1 00. In addition, the controller 
comprises timers 1 and 2. The timers are used to turn the switch between the detection circuit and the application circuit 
over a short period to produce the vibration waves. 
A controlling operation is described now. 

25 With the high-speed switch 101 connected to the detection circuit, the opposing vibrator is forced to generate an 
vibration wave. This vibration wave is detected through the vibrator 100 by the vibration wave detector 102 (#100). The 
timers 1 and 2 start operation at the timing when the vibration wave is detected (#012, #104). At the same time, the 
vibration wave detector 102 supplies a switching signal to the high-speed switch 101 . The high-speed switch turns its 
internal switch to the application circuit in response to this switching signal (#1 06). 

30 After elapsing the time set in the timer 1 , the applied voltage output circuit 103 produces an applied voltage (#108). 
This output voltage is supplied to the vibrator 100 through the high-speed switch 101. The vibrator 100 produces an 
vibration wave in response to this output voltage. 

After elapsing the time set in the timer 2, the high-speed switch 101 turns its internal switch to the detection circuit 
in response to the switching signal supplied from the timer 2 (#110). This results in the condition where the incoming 

35 vibration wave can be detected. The resonance condition can be kept by means of repeating the above mentioned con- 
trol f tow. 

In this event, the controller connected to the vibrator 100 may be associated with each vibrator to generate the 
vibration waves simultaneously by these vibrators for the above mentioned control flow. Alternatively as mentioned 
above, the vibration wave may be generated by either one of the vibrators. The incoming vforation wave may be 
40 detected by the other vibrator to initiate the control flow. 

Embodiment 

Fig. 22A shows a liquid treating apparatus according to another embodiment of the present invention. This appa- 
45 ratus has a function of automatically introducing deaerated water into the apparatus, that is discharged after modifica- 
tion treatment 

A schematic operation of this apparatus is described with reference to Figs. 22A and 22B. Fig. 22A shows a struc- 
ture of the apparatus while Fig. 22B shows a schematic step of the operation carried thereby. 

A suction pump is driven with only a valve B4 "opened", the water treating unit is subjected to deaeration in which 
so the modification treatment is to be conducted (step 1). Next, a valve B1 is "opened" (Step 2). This makes the deaerated 
water in the tank flow into the water treating unit. Subsequently, a water level detector detects that a predetermined vol- 
ume of water is introduced into the water treating unit In response to this detection, all valves communicated with the 
water treating unit (in this embodiment valves B4 and B1) are "closed" to stop the suction pump (Step 3). 

Then, the valve B3 is "opened" to introduce a gas such as oxygen or argon for use in modifying the water. Vvater 
55 modification is conducted by using the resonance of the vibration waves applied by the vibrators (Step 4). 

This treatment is continued for a certain period, following which application of the vibration waves is stopped (Step 
6). The valve B4 is "opened" to discharge the water improving the liquid water through the valve B2. 

This operational f tow permits automatic modification of deaerated water. In this embodiment the liquid treating 



14 



EP 0 661 090 B1 



apparatus comprises a main controller (not shown) to open/close the valves, to drive and control the suction pump, and 
process, for example, results of the water level detection for the water treating unit and the tank. To control the temper- 
ature of the treated water or control the bubble introducing device may be achieved by using any of the above men- 
tioned aspects. 

Embodiment II-7 (Liquid Modification) 

Fig. 23A shows a liquid treating apparatus according to another embodiment of the present invention. This appa- 
ratus is similar in structure and operation to the apparatus described in Embodiment II-6 except that it has a function of 
deaeration in the water treating unit. Accordingly, description of such parts and components are omitted For the 
detailed operation, see steps illustrated in Rg. 23B. 

Embodiment II-8 (Liquid Modification) 

Rg. 24 shows a liquid treating apparatus according to yet another embodiment of the present invention. This appa- 
ratus is of the type of treating liquid through continuous flow. This apparatus supplies the deaerated water to the water 
treating unit at a constant flow rate under control by a flow rate controller. The water was subjected to the modification 
treatment in the water treating unit for a predetermined period, following which the modified water is discharged. See 
the above mentioned embodiments for other structure and operation. 

As mentioned above, it was possible to modify the water effectively by using the above mentioned modification 
method and modification apparatus. 

Properties of Modified Water 

Properties of the water, which was treated by using the apparatus in Embodiment II-1 (using oxygen), were deter- 
mined. For the purpose of comparison, a pure water saturated with oxygen (water after deaeration of the dissolved gas 
and saturated with was used considering effects of the dissolved gas. The water used was a superpose water (specific 
resistance: 18 Mn* cm). 

Property 1 : Effect on Lactobacillus Growth 

A mixture of water (5 cc) and milk (1 5 cc) was placed in a Petri dish of 9 cm in diameter. Yogurt (3 cc) was dropped 
at the center thereof, which the yogurt spread to a circle of 2.0-2.1 cm in diameter. Considering that the diameter of the 
yogurt would be increased, the content of the Petri dish was stood at that state to observe the growth of the yogurt. 
Modification of water was conducted under the conditions: treatment time T = 1 hour, gas used; 0 2 . vibrator driving volt- 
age; V a 800 Vp_p, and chamber inner diameter; D = 5 cm. 

The results are given in Fig. 25. These results revealed that Uctobacillus grows actively with the modified water 
mixed. 

Property 2: Effect on Absorp tion of Soy Beans 

Soy beans were dipped overnight in water, and absorptivity was determined according to change in weight of the 
soy beans. In this test, fifteen soy beans (6.2 g) were used, which were of approximately uniform size. Modification of 
water was conducted under the conditions: treatment time T = 1 hour, gas used; 0 2 , vibrator driving voltage; V = 800 
Vp^ and chamber inner diameter; D = 5 cm. The results are given in Rg. 25. These results revealed that the modified 
water was absorbed more. 

Property 3: Effect on Growth o f Sov Beans 

Vermiculite of 60 g was placed in a container of 170 x 1 70 x 30 mm and was allowed to absorb water (200 g), on 
which thirty soy beans were placed. The container was stood in a dark room at 25°C except for when picked up to 
absorb water (1 00 g) after 7 days. The growth rate of the soy beans on each water was determined according to "length" 
and thickness" after 1 0 days. Modification of water was conducted under the conditions: treatment time T » 1 hour, gas 
used; 0 2 . vibrator driving voltage; V = 800 Vp^, and chamber inner diameter; D = 5 cm. The results are given in Fig. 25. 

As apparent from Figs. 27 and 28, it was revealed that the soy beans grew well with the modified water (the water 
improving the liquid quality). 
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Property 4: Effect on Water Retention of Skin 

A mixture of water (3 cc) and cosmetic liquid (0. 1 cc) was applied to the back of the hand over 1 minute to determine 
change with time of water retained in the skin. The water retention of the skin was obtained by using a device for obtain- 
5 ing it according to electric conductivity of the skin. Modification of water was conducted under the conditions: treatment 
time T = 1 hour, gas used; 0 2 , vibrator driving voltage; V = 800 Vp_ p and chamber inner diameter; D = 5 cm. The results 
are given in Fig. 29. The results revealed that, as shown in Fig. 29, the higher water retention can be provided with the 
modified water. 

10 Property 5; Effect on Durability of Cut Flowers 

A vein of a rose was cut perpendicularly and was dipped into water. At this state, petals were observed. Modifica- 
tion of water was conducted under the conditions: treatment time T = 1 hour, gas used; 0 2 , vibrator driving voltage; V 
= 800 and chamber inner diameter; D = 4.5 cm. As a result, the petals were fallen off after 7 days with the 
is untreated water. On the other hand, the petals were kept well after 1 2 days with the modified water. 

As mentioned above, according to the descrfoed embodiments of the invention, there is provided with a liquid treat- 
ing method in which bubbles of a gas are formed in a liquid phase and are compressed by using collision of the oppos- 
ing vibration waves to dissolve the bubbles into the liquid phase. 

in addition, according to the described embodiments of the invention, there is provided with a liquid treating appa- 
20 ratus comprising a chamber for holding or storing a liquid in, a vibrator for applying a vibration wave to the liquid, and 
bubble forming means for forming bubbles of a gas in the liquid. The bubbles are dissolved into the liquid through com- 
pression of bubbles by using collision of vibration waves in the chamber. 

Accordingly, the described embodiments of the invention allow for effective dissolution of gases into a liquid phase 
in various fields requiring dissolution of a gas including hydroponic, cultural, chemical, and enzyme industries as well 
25 as for treating water, fuel, and exhaust gas. The present invention can improve efficiency of hydroponic cultivation, 
enhance effective feeding of oxygen to cultured fishes, shells and so on in a farm, and reduce a fermentation period 
required to fermentate sake or the like. As a result, it becomes possible to reduce instrument costs, improve treatment 
efficiency, and increase reaction speed in these fields. 

It has been revealed experimentally that the water modified according to a method embodying the present invention 
30 has different properties from those of the untreated water. Accordingly, it is possible to provide a method of allowing 
effective modification of water around a high-temperature, high-field formed as a result of collision of the strong vibration 
waves on the bubbles formed by superposing the vibration waves. 

In addition, there is provided with an apparatus which comprises a chamber for holding or storing a liquid in, a vibra- 
tor for applying an vibration wave to the liquid, bubble forming means for forming bubbles of a gas in the liquid, and a 
35 temperature controller for water treatment, and which allows effective modification of water around a high-temperature, 
high-field formed as a result of collision of the strong vibration waves on the bubbles formed by superposing the vibra- 
tion waves. 

As mentioned above, according to the described embodiments of the invention, a liquid can be modified effectively 
only by with a chamber, a liquid, a gas, vibrators, and a temperature controller. In addition, it becomes possible to adjust 
40 the degree of modification based on the vibrator amplitude, treatment time, and types of the gas introduced. 

From the invention thus described, it will be obvious that the invention is only limited by the scope of the following 
claims. 

Claims 

45 

1 . A method of treating liquid, the method comprising: 

containing liquid to be treated in a liquid treating container; 
introducing gas bubbles into the liquid to be treated; 
50 generating vibration waves at a plurality of positions on the liquid treating container symmetrical with respect 

to the center of the container; and 

directing the generated waves toward the center of the container, the vibration waves thus colliding with the 
bubbles from opposing directions and thereby applying compressive pressure to the bubbles so that gas form- 
ing the bubbles is dissolved into the liquid; 
55 wherein the amplitude of the vibration waves is selected to be equal to or larger than the amplitude at 

which the dissolution of the gas will be initiated when the generated vibration waves collide with the bubbles. 

2. A method of treating liquid as claimed in claim 1 , wherein the liquid is an aqueous liquid, and collisions between the 
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vibration waves and the bubbles cause high-temperature and high-pressure fields to be formed within the bubbles 
resulting in an activated chemical species being produced in the aqueous liquid. 

3. A method of treating liquid as claimed in claim 2, further comprising: 

applying the vibration waves to the bubbles such that the amount of the activated chemical species is at least 
produced in the order of 3 x lO ^moW or more in a conversion into the amount of hydrogen peroxida 

4. A method of treating liquid as claimed in claim 2 or 3. wherein the approximate temperature of the aqueous liquid 
is kept in the range 0°C to 1 0°C. 

5. A method of treating liquid as claimed in any preceding claim, further comprising generating the vibration wave at 
a vibration frequency which is an integer multiple of a fundamental resonance frequency f given by the equation: 

f = V/D(Hz), 

where D (m) is the inner diameter of the liquid treating container, and V (nVsec) is a sound wave velocity of the 
vibration wave in the liquid to be treated. 

6. An apparatus for treating liquid, the apparatus comprising: 

a liquid treating container (10a) for containing liquid to be treated; 

a plurality of vibration generators (1 1) so disposed at a plurality of respective positions on the liquid treating 
container symmetrical with respect to the center of the container as to generate vibration waves that are 
directed toward the center of the container; and 

bubble introducing means (10b, 12, 22) for introducing gas bubbles into the liquid to be treated; 

wherein in use the vibration generators (1 1) generate vibration waves that collide with the bubbles from 
opposing directions and thereby apply compressive pressure to the bubbles so that gas forming the bubbles is 
dissolved into the liquid. 

7. An apparatus for treating liquid as claimed in claim 6, further comprising: 

vibration detecting means (16) mounted for detecting the amplitude of the vibration wave by measuring the 
vibration of said liquid treating container; and 

vibration controlling means (13, 14, 15. 18) for controlling the vibration waves generated by the vibration gen- 
erators (1 1) in response to said vibration detecting means (16), 

wherein the vibration controlling means (13, 14, 15. 18) is arranged to control the vibration generated 
by said vibration generators (1 1) such that in use the amplitude of the vibration wave detected by said vibration 
detecting means becomes maximum. 

8. An apparatus for treating liquid as claimed in claim 6 or 7, wherein said vibration generators (1 1) comprise piezoe- 
lectric vibrators. 

9. An apparatus for treating liquid as claimed in claim 7 or 8, wherein said vibration detecting means (16) comprises 
a microphone or a piezoelectric vibrator, which is disposed on a wall of said liquid treating container. 

10. An apparatus for treating liquid as claimed in claim 7, 8 or 9, wherein said vibration controlling means (13, 14, 15, 
18) comprises an AC vortage generator (13) which can be set to a predetermined frequency (t). 

11 . An apparatus for treating liquid as claimed in claim 10, wherein said vibration controlling means comprises a feed- 
back system (18) which monitors the amplitude of the vibration of said liquid treating container detected by said 
vibration detecting means (1 6) and a current flowing through said piezoelectric vibrator (1 1 ) so as to control the fre- 
quency of the alternating voltage applied by the AC voltage generator (13) to said piezoelectric vibrators (11). 

1 2. An apparatus for treating liquid as claimed in any of claims 6 to 1 1 , wherein said liquid treating container comprises: 

a liquid containing unit (1 0a) for containing the liquid to be treated; and 

a gas containing unit (10b) positioned at the top of and connected to the liquid containing unit (10a) for con- 
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tairting gas for use in forming the bubbles; and 

wherein said bubble introducing means comprises: 

a pump (22) for pumping liquid to be treated; and a small tube (A) for dropping continuously or intermit- 
5 tently the liquid pumped by said pump (22) from said gas containing unit (1 Ob) to said liquid containing unit 

so that in use the pumped liquid is dropped onto the liquid surface of the liquid contained in said liquid con- 
taining unit one end of said small tube being disposed within said gas containing unit 

1 3. An apparatus for treating liquid as claimed in any of claims 6 to 11 , wherein said liquid treating container corrprises: 

10 

a liquid containing unit (10a) for containing the liquid to be treated; and 

a gas containing unit (10b) positioned at the top of and connected to the liquid containing unit (10a), for con- 
taining gas for use in forming the bubbles; and 

wherein said bubble introducing means comprises: 

75 

a pump (22) for pumping the gas from the gas containing unit (10b); and 

a small tube (A) having one end disposed within the liquid contained in said liquid containing unit (10a) for 
introducing the gas pumped by the pump into the liquid. 

20 1 4. An apparatus for treating liquid as claimed in any of claims 6 to 1 3, further comprising liquid temperature adjusting 
means (20. 21) for adjusting the temperature of the liquid contained in said liquid treating container (10) to a pre- 
determined temperature. 

PatentansprQche 

25 

1 . Verfahren zur Behandlung einer FlQssigkeit, wobei das Verfahren umfaBt: 

Aufnahme einer der zu behandelnden FlOssigkeit in einen FIOssigkerts-Behandlungs-Behalter; 
Einfuhren von GasWaschen in die zu behandeinde FlOssigkeit; 

Erzeugen von Schwingungs-Wellen an einer Mehrzahl von Stelien des FlOssigkeits-Behandlungs-Behalters 
symmetrisch in Bezug auf den Mittelpunkt des Behalter; und 

Richten der erzeugten Wellen zu dem Mittelpunkt des Beharters, wodurch die Schwingungs-Wellen mit den 
Blaschen von entgegengesetzten Richtungen zusammenstoBen und dadurch eine Druckkraft auf die Bias- 
chen ausuben, so daft das Gas, das die Blaschen bildet in der FlOssigkeit gelOst wird; 

wobei die Amplitude der Schwingungs-Wellen so ausgewahlt ist, daB sie gleich oder grOBer als die 
Amplitude ist bei der die LOsung des Gases ausgelOst wird, wenn die erzeugten Schwingungs-Wellen mit den 
Blaschen zusammenstoBen. 

2. Verfahren zur Behandlung einer FlOssigkeit nach Anspruch 1 , wobei die FlOssigkeit eine waBrige FlOssigkeit ist und 
40 wobei die ZusammenstOBe zwischen den Schwingungs-Wellen und den Blaschen Hochtemperatur- und Hoch- 

druck-Felder bewirken, die zwischen den Blaschen zu bilden sind, was zu einer aktivierten chemtschen Spezies 
fOhrt, die in der waBrigen FlQssigkeit erzeugt wird. 

Verfahren zur Behandlung von FlOssigkeit nach Anspruch 2, weiters urrrfassend: 

Anwenden von Schwingungs-Wellen auf die Blaschen, so daB die Mengeder aktivierten chemischen Spezies 
zumindest in der GrOBenordnung von 3 x 10 _5 mol/1 oder mehr erzeugt wird, in einer Umwandlung in die 
Menge von Wasserstoffperoxyd. 

so 4. Verfahren zur Behandlung einer FlOssigkeit nach einem der AnsprOche 2 oder 3, wobei die ungefahre Temperatur 
der waBrigen FlOssigkeit in einem Bereich von 0°C bis 1 0°C gehaften wird. 

5. Verfahren zur Behandlung einer FlOssigkeit nach einem vorangehenden AnsprOche, weiters umfassend das Erzeu- 
gen der Schwingungs-Welle bei einer Schwingungs-Frequenz, die ein ganzzahliges Vielfaches einer fundamerrta- 
55 len Resonanzf requenz f ist die durch die Gleichung 

f=V/D(Hz) 
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gegeben ist, wobei D (m) der Irmendurchmesser des RQssigkerts-Behandlungs-Behdtters ist und V (m/Sek.) eine 
Schailwellen-Geschwindigkeit der Schwingungs-Welle in der zu behandelnden ROssigkeit ist 

6. Vorrichtung 2ur Behandlung einer ROssigkeit wobei die Vorrichtung umfaBt: 

einen FlQssigkeits-Behandlungs-Behaiter (10a) zur Aufnahme der zu behandelnden ROssigkeit, 
eine Mehrzahl von Schwingungs-Generatoren (1 1), die an einer Mehrzahl von Stellungen an dem Russigkeits- 
Behandlungs-Behaiter symmetrisch in Bezug auf den Mittelpunkt des Behaiters so angeordnet sind, daB sie 
Schwingungs-Wellen erzeugen, die zum Mittelpunkt des Behaiters gerichtet sind; und 
ein Biaschen-EinfOhrungs-Mittel (10b, 12, 22) zum EinfQhren von GasWaschen in die zu behandeinde ROssig- 
keit; 

wobei die Schwingungs-Generatoren (1 1) im Betrieb Schwingungs-Wellen erzeugen, die mit den Bias- 
chen von gegenuberiiegenden Richtungen zusammenstoBen und dadurch eine Druckkraft auf die Biaschen 
ausOben, so daB das Gas, das die Bldschen bildet, in der ROssigkeit geldst wird. 

7. Vorrichtung zur Behandlung einer ROssigkeit nach Anspruch 6, weiters umfassend; 

ein Schwingungs-Erzeugungs-Mittel (16), das eingebaut ist, urn die Amplitude der Schwingungs-Welle zu 
erfassen, indem die Schwingung des Russigkeits-Behandlungs-Behaiters gemessen wind; und 
ein Schwingungs-Regelungs-Mittel (13, 14, 15. 18) zur Regelung der Schwingungs-Wellen, die durch die 
Schwingungs-Generatoren (11) erzeugt werden, ansprechend auf das Schwingungs-Erfassungs-Mittel (16), 

wobei das Schwingungs-Regelungs-Mittel (13, 14, 15, 18) so angeordnet ist, daB es die Schwingung, 
die durch die Schwingungs-Generatoren (11) erzeugt wird, so regelt, daB im Gebrauch die Amplitude der 
Schwingungs-Welle, die durch das Schwingungs-Erfassungs-Mittel erfaBt wird, maximal wird. 

8. Vorrichtung zur Behandlung einer ROssigkeit nach einem der AnsprOche 6 Oder 7, wobei die Schwingungs-Gene- 
ratoren (11) piezoelektrische Vibratoren umfassen. 

9. Vorrichtung zur Behandlung einer ROssigkeit nach einem der AnsprOche 7 oder 8, wobei das Schwingungs-Erfas- 
sungs-Mittel (16) ein Mikrophon Oder einen piezoelektrischen Vibrator umfaBt, der an einer Wand des ROssigkeits- 
Behandlungs-Behatters angeordnet ist. 

10. Vorrichtung zur Behandlung einer ROssigkeit nach einem der AnsprOche 7, 8 oder 9, wobei das Schwingungs- 
Regelungs-Mittel (13, 14, 15, 18) einen Wechsel-Spannungs-Generator (13) umfaBt, der auf eine vorbestimmte 
Frequenz (f) eingestellt werden kann. 

11. Vorrichtung zur Behandlung einer ROssigkeit nach Anspruch 10, wobei das Schwingungs-Regelungs-Mittel ein 
ROckkoppelungs-System (18) umfaBt, das die Amplitude der Schwingung des Russigkeits-Behandlungs- Behaiters 
Oberwacht, die durch das Schwingungs-Erfassungs-Mittel (16) erfaBt worden ist, urn einen Strom, der durch den 
piezoelektrischen Vibrator (1 1) flieBt urn so die Frequenz der Wechselspannung zu regeln, die durch den Wech- 
sel-Spannungs-Generator (13) an die piezoelektrischen Vibratoren (1 1) angeiegt wird. 

1 2. Vorrichtung zur Behandlung einer ROssigkeit nach einem der AnsprOche 6 bis 1 1 , wobei der ROssigkeits-Behand- 
lungs-Behaiter umfaBt: 

eine ROssigkeits-Aufnahme-Einheit (10a) zur Aufnahme der zu behandelnden ROssigkeit; und 
eine Gas-Aufnahme-Einheit (10b), die oberhalb der ROssigkeits-Aufnahme-Einheit (10a) angeordnet ist und 
mit ihr verbunden ist, urn Gas zur Verwendung bei der Ausbildung der Biaschen zu errthalten; und 
wobei das Biaschen-EinfOhrungs-Mittel umfaBt: 

eine Pumpe (22) zum Pumpen der zu behandelnden ROssigkeit; und 

ein Weines Rohr (A), urn kontinuierlich oder abgesetzt die ROssigkeit die durch die Pumpe (22) gepumpt 
wird, von der Gas-Aufnahme-Einheit (10b) auf die ROssigkeits-Aufnahme-Einheit so herabtropfen zu las- 
sen, so daB bei Gebrauch die gepumpte ROssigkeit auf die ROssigkeits-Oberf lache der ROssigkeit tropft, 
die in der ROssigkeits-Aufnahme-Einheit enthaften ist wobei ein Ende des Weinen Rohres in der Gas-Auf- 
nahme-Einheit angeordnet ist. 

1 3. Vorrichtung zur Behandlung einer ROssigkeit nach einem der AnsprOche 6 bis 11 , wobei der RQssigkeits-Behand- 
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lungs-Behaiter umfaBt: 

eine ROssigkeits-Aufnahme-Einheit (10a) zur Aufnahme der zu behandelnden RQssigkeit; und 
eine Gas-Aufnahme-Einhert (10b) die oberhalb der RQssigkeits-Aufnahme-Eirihert (10a) angeordnet ist und 
5 mit ihr verbunden ist, um ein Gas zur Verwendung bei der Bildung der Blaschen aufzunehmen; und 

wobei das Biaschen-EinfQhrungs-Mittel umfaBt: 

eine Pumpe zum Pumpen des Gases von der Gas-Aufnahme-Einheit (10b); und 
ein Weines Rohr (A), das ein Ende innerhalb der FIDssigkeit in der RQssigkeits-Aufnahme-Einheit (10a) 
10 angeordnet hat um das Gas einzufQhren, das durch die Pumpe in die RQssigkeit gepumpt wird. 

14. Vorrichtung zur Behandlung einer RQssigkeit nach einem der AnsprQche 6 bis 13, weiters umfassend ein RQssig- 
kerts-Temperatur-Einstell-Mittel (20, 21) zur Einstellung der Temperatur der RQssigkeit die in dem FlOssigkefts- 
Behandlungs-Behaiter (10) enthalten ist. auf eine vorbestimmte Temperatur. 

15 

Revendications 

1 . Proc6de de traitement d'un liquide, le precede comprenant les stapes consistant k : 

20 enfermer un liquide k traiter dans un recipient de traitement de liquide, 

introduire des builes de gaz k Ilnt6rieur du liquide k traiter, 

gengrer des ondes vibratoires au niveau d'une plurality d'emplacements sur le recipient de traitement de 
liquide de fagon symetrique par rapport au centre du recipient, et 

dinger les ondes g6n6rees vers le centre du recipient, les ondes vibratoires entrant ainsi en collision avec les 
25 builes depuis les directions opposes et appliquant ainsi une pression de compression sur les builes de sorte 

que le gaz formant les builes est dissous k I'interieur du liquide, 

dans lequel i'amplitude des ondes vibratoires est seiectionnee de fcgon k §tre ggale ou superieure k 
Tamplitude k laquelle la dissolution du gaz sera provoqu6e lorsque les ondes vibratoires gen6r6es entreront 
en collision avec les builes. 

30 

2. Proc6de de traitement d'un liquide selon la revendication 1 , dans lequel le liquide est un liquide aqueux, et les col- 
lisions entre les ondes vibratoires et les builes provoquent des champs de haute temperature et de haute pression, 
qui sont formes k I'interieur des builes, aboutissant k la production d'une espfece chimique active dans le liquide 
aqueux. 

35 

3. Proc6d6 de traitement d'un liquide selon la revendication 2, comprenant en outre : 

Implication cf ondes vibratoires aux builes de sorte que la quantity de i'espece chimique active sort au moins 
de I'oidre de 3 x 10 5 mol/l ou davantage lorsqu'on la convertit en quarrtrte d'eau oxyg6n6e. 

40 

4. Procgde de traitement d'un liquide selon la revendication 2 ou 3, dans lequel la temperature approximative du 
liquide aqueux est maintenue dans la plage de 0° C k 10° C. 

5. Proc6d6 de traitement d'un liquide selon Tune quelconque des revendications pr6c6derrtes, comprenant en outre 
45 la generation d'une onde vibratoire k une frequence de vibration qui est un multiple entier de la frequence de reso- 
nance fondamentale f donn6e par requation : 

f = V/D (Hz), 

so dans laquelle D (m) represente le diametre interieur du recipient de traitement de liquide, et V (m/s) est la vitesse 
de I'onde sonore de Ponde vibratoire dans le liquide k traiter. 

6. Appareil de traitement d'un liquide, I'appareil comprenant : 

55 un recipient de traitement de liquide (1 0a) destine k contenir le liquide k traiter, 

une plurality de generateurs de vibrations (1 1) disposes au niveau d'une piural'rte d'emplacements respectifs 
sur le recipient de traitement de liquide de fegon symetrique par rapport au centre du recipient, de fagon k 
generer des ondes vibratoires qui soient orientees en direction du centre du recipient, et 
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un mpyen dlntroduction de bulles (1 Ob, 1 2, 22) destine k introduire des bulles de gaz k Hnt6rieur du liquide k 
-traiter, 

dans lequel en fonctionnement les g£n6rateurs de vtorations (11) g§n^rent des ondes vibratoires qui 
entrent en collision avec les bulles, en provenant de directions opposes, et appliquerrt ainst une pression de 
5 compression sur les bulles, de sorte que le gaz formant les bulles est dissous k llnterieur du liquide. 

7. Appareil de trait ement d'un liquide selon la revendication 6, comprenant en outre : 

un moyen de detection de vibrations (16) monte afin de detecter ramplitude de Ponde vibratoire en mesurant 

10 la vibration dudit recipient de traitement de liquide, et 

un moyen de commande de vibration (1 3, 1 4, 1 5, 1 8) destine k commander les ondes vibratoires g6n6r6es par 
les g£n£rateurs de vibrations (1 1) en reponse audit moyen de detection de vibrations (16), 

dans lequel le moyen de commande de vibration (13, 14, 15, 18) est agence pour commander la vibra- 
tion g§n6r6e par lesdits g6nerateurs de vibrations (1 1) de sorte qu'en utilisation ramplitude de I'onde vibratoire 

15 d6tectee par Kedrt moyen de detection de vibrations devienne maximum. 

8. Appareil de traitement d'un liquide selon la revendication 6 ou 7, dans lequel lesdits gen6rateurs de vibrations (11) 
comprennent des vibreurs pi6zo-6lectriques. 

20 9. Appareil de traitement d'un liquide selon la revendication 7 ou 8, dans lequel ledit moyen de detection de vibrations 
(16) comprend un microphone ou un vibreur pi§zo-6lectrique. qui est dispose sur une paroi dudit recipient de trai- 
tement de liquide. 

1 0. Appareil de traitement d'un liquide selon la revendication 7, 8 ou 9, dans lequel ledit moyen de commande de vibra- 
25 tion (13, 14, 15, 18) comprend un g6n6rateur de tension alternative (13) qui peut Gtre regie k une frequence pr6- 

d6termin6e (f). 

11. Appareil de traitement d'un liquide selon la revendication 10, dans lequel ledit moyen de commande de vibration 
comprend un systems de contre-reaction (18) qui surveille I'ampTrtude de la vibration dudit recipient de traitement 

30 de liquide d6tectee par ledit moyen de detection de vibrations (16) et un courant drculant au travers dudit vibreur 
pi£zo-6lectrique (1 1) de fagon k commander la frequence de la tension alternative appliquee par le gSnerateur de 
tension alternative (13) auxdits vibreurs piezo-eiectriques (11). 

1 2. Appareil de traitement d'un liquide selon Tune quelconque des revendications 6 £ 1 1 , dans lequel ledit recipient de 
35 traitement de liquide comprend : 

une unite contenant un liquide (10a) destinee k contenir le liquide k traiter, et 

une unite contenant du gaz (10b) positionn6e au sommet de I'unite contenant un liquide (10a) et reliee k ceile- 
d afin de contenir du gaz pour une utilisation lors de la formation de bulles, et 
40 dans lequel ledit moyen dlntroduction de bulles comprend : 

une pompe (22) destinee k pomper le liquide k traiter, et 

un petit tube (A) destine k faire tomber de fagon continue ou de fagon intermtttente le liquide pompe par 
ladite pompe (22) k partir de ladite unite contenant du gaz (10b) vers ladite unite contenant un liquide de 
45 sorte qu'en fonctionnement le liquide pompe sort l&che sur la surface liquide du liquide corrtenu dans ladite 

unite contenant un liquide, une premiere extremite dudit petit tube etant disposes k I'interieur de ladite 
unite contenant du gaz. 

1 3. Appareil de traitement d'un liquide selon Tune quelconque des revendications 64 11. dans lequel ledit recipient de 
so traitement de liquide comprend : 

une unite contenant un liquide (10a) destinee k contenir le liquide k traiter, et 

une unite contenant du gaz (10b) positionnee au sommet de I'unite contenant un liquide et (10a) reliee k celle- 
d afin de contenir du gaz devant §tre utilise lors de la formation de bulles, et 
55 dans lequel ledit moyen dlntroduction de bulles comprend : 

une pompe (22) destinee k pomper le gaz depuis I'unite contenant du gaz (10b), et 

un petit tube (A), comportant une premiere extremite dispose© k llnterieur du liquide contenu dans ladite 
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unite contenant un liquide (1 0a), destine k irrtroduire le gaz pomp6 par la pompe k i'interieur du liquide. 

14. Appareil de traitement d'un liquide selon Tune quelconque des revendications 6 k 13, comprenant en outre un 
moyen de rgglage de la temperature du liquide (20, 21) destine k regler la temperature du liquide contenu dans 
5 ledrt recipient de traitement de liquide (1 0) k une temperature pr6d&ermin6e. 
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